Rey METHOD Thirty-four infants were included (mean gestational age 30wks 4d, mean birthweight 1407g). The Neonatal Oral-Motor Assessment Scale was used longitudinally from 37 to 50 weeks postmenstrual age. At 5 years, we assessed motor skills, intelligence, language, verbal memory, and behavioural problems. Linear regression analyses were performed to test whether aspects of sucking behaviour predicted these developmental outcomes. Where linear regression was not appropriate, Spearman's correlation coefficients were calculated between sucking and developmental outcomes. 
INTERPRETATION Abnormal sucking between 42 weeks and 50 weeks postmenstrual age may reflect abnormal neurological functioning in children born preterm.
The improvement of neonatal care has resulted in an increase in the number of surviving infants born preterm. 1 Nevertheless, children born preterm have more cognitive, neuropsychological, and motor problems than their peers born at term. They require more specialized care and, at primary school age, their parents report more behavioural problems than do parents of children born at term. [2] [3] [4] Language difficulties are also more prevalent in children born preterm than in children born at term. 5 Abnormal sucking behaviour, which is disrupted coordination between sucking, swallowing, and breathing, or abnormal jaw and/or tongue movements resulting in inefficient sucking, is common in infants born preterm. 6, 7 It is unclear whether this is the result of delayed maturation or whether abnormal sucking behaviour is an early sign of neonatal brain injury. If so, abnormal sucking behaviour might help in the early identification of children born preterm at risk of developmental problems. [8] [9] [10] However, the findings reported by the few studies that investigated this issue vary. Firstly, the timing of sucking assessment and follow-up assessments differs across studies. Secondly, longitudinal studies on sucking behaviour are scarce. While one study found no association between sucking skills at term-equivalent age (37-42wks postmenstrual age [PMA] ) and preschool developmental delay, 11 other studies reported associations between abnormal sucking behaviour assessed at 34, 37, 40, and 44 to 46 weeks PMA and impaired preschool developmental outcomes. 8, [12] [13] [14] Mizuno and Ueda reported an association between feeding performance 1 week and 2 weeks after starting oral feeding and preschool developmental outcome. 9 To clarify the issue of the optimal timing of sucking assessment for identifying infants born preterm at risk of developmental problems, longitudinal assessments of sucking behaviour are required.
Little is known about the association between the sucking behaviour of infants born preterm and their developmental outcomes at primary school age. It is not clear whether associations between early sucking behaviour and neurodevelopmental difficulties found at preschool age still exist at 5 years, and, if so, which developmental domains are involved. Therefore, our aim was to determine whether the course of sucking behaviour in infants born preterm, assessed between 37 weeks and 50 weeks PMA, was associated with developmental outcome in cognitive, motor, language, and behavioural domains at 5 years. For the course of early sucking behaviour, we were particularly interested in the age at which normal sucking was achieved, and in the percentage per child of abnormal suck feeds overall between 37 weeks and 40 weeks PMA, and between 42 weeks and 50 weeks PMA.
METHOD Participants
This study was part of a prospective, longitudinal one on the association between sucking patterns in infants born preterm and developmental outcomes. 6, 7, 14 The infants were admitted to University Medical Center Groningen or Martini Hospital Groningen, the Netherlands. Infants aged below 36 weeks PMA were included. Infants with major congenital defects and syndromes were excluded. 6, 7 The original study design focused on two particular groups of infants born preterm and a comparison group: infants who suffered bronchopulmonary dysplasia, defined as oxygen dependency at 36 weeks PMA, 7 and infants who were small for gestational age, defined as a birthweight below the 10th centile for gestational age. 6 Consequently, the current study group consisted of a relatively large number of children who had bronchopulmonary dysplasia (n=7, 21%) and/or who had been small for gestational age (n=9, 26%) at birth. In a previous follow-up study, we investigated the association between sucking behaviour in infants born preterm and developmental outcomes at 2 years. 14 In the current followup study we included 34 of the original 65 infants born preterm. Twenty-nine children were not included, either because of refusal on the part of the parents (n=10) or because of our inability to trace them (n=19). One child was excluded owing to congenital defects that became manifest after inclusion and one child had died. Differences between the recruited group and the participants who were followed-up were examined, and the outcomes are summarized in the results.
Measurements and procedure

Assessment and analyses of sucking patterns
We used the Neonatal Oral-Motor Assessment Scale (NOMAS) to assess sucking patterns from 37 to 50 weeks PMA. 15 The NOMAS is a non-invasive, user-friendly, and reliable tool for assessing nutritive and non-nutritive sucking in breastfed and bottle-fed infants. 14, 16, 17 It consists of 28 items by which the sucking behaviour of new-born infants can be assessed. Assessment results in one of three clinical diagnoses: a normal sucking pattern (rhythmic movements of the jaw and tongue and appropriate coordination between sucking, swallowing, and breathing), a disorganized sucking pattern (arrhythmic jaw and tongue movements), or a dysfunctional sucking pattern (jaw and tongue movements are abnormal and interfere with sucking).
From 37 to 40 weeks PMA, we made weekly video recordings of the first 2 minutes of nutritive sucking (following the NOMAS instructions). From 42 to 50 weeks PMA, the video recordings were made every 2 weeks. The videos were assessed independently by various combinations of two of four NOMAS-certified Dutch speech and language therapists. 6, 7, 14 In case of disagreement about an episode in a recording, the particular recording was discussed with all four assessors until consensus was reached. 14 In accordance with the original study design, we subdivided the three diagnoses of the NOMAS to gain detailed insight into the nature and course of sucking difficulties. 6, 7 First, we determined at what PMA the infants acquired a normal sucking pattern. Two out of three consecutive episodes needed to be diagnosed as normal for the infant to be considered as having acquired a normal sucking pattern. Second, we investigated the percentage of recordings per infant with abnormal sucking patterns between 37 weeks and 40 weeks PMA and between 42 weeks and 50 weeks PMA. Finally, we calculated the percentage of recordings with definitely abnormal sucking patterns between 37 weeks and 50 weeks PMA. We defined sucking patterns as definitely abnormal if arrhythmic jaw and/or tongue movements occurred in combination with other abnormal items, such as the inability to sustain sucking and/or lack of coordination between sucking, swallowing, and breathing, or in case of a dysfunctional sucking pattern. If only arrhythmic jaw and/or tongue movements were observed, the sucking pattern was not scored as definitely abnormal.
We specifically chose to investigate the point in time a normal sucking pattern was acquired as well as the presence of a definitely abnormal sucking pattern. This decision was based on previous findings that infants with persistent and definitely abnormal sucking patterns seem to have a higher risk of abnormal neurodevelopmental outcomes 14 and of developing abnormal fidgety movements. 18 
Developmental outcomes of various neuropsychological tests at 5 years
Motor skills. We used the Movement Assessment Battery for Children (MABC) to assess motor skills. 19 It consists of What this paper adds
• Sucking behaviour before 40 weeks postmenstrual age is not associated with developmental outcomes at 5 years.
• Persistently abnormal sucking behaviour is associated with balance, IQ, and language at 5 years.
• Sucking behaviour is not associated with behaviour or memory at 5 years.
three domains: manual dexterity, ball skills, and static and dynamic balance. The lower the score on the MABC, the better the child's motor skills.
Intelligence. We used a selection of subtests of the Wechsler Preschool and Primary Scale of Intelligence (3rd edition) -Dutch version, 20 to establish IQ scores. The subtests vocabulary and word reasoning were used to determine the children's Verbal IQ (VIQ), and block design and matrix reasoning were used to determine Performance IQ (PIQ). We arrived at total IQ (TIQ) by calculating the means of VIQ and PIQ. Language. We assessed language skills using SNEL, 21 a reliable, short, and easy-to-administer language-screening instrument for the early detection of language problems, and the Dutch version of the Reynell Developmental Language Scales, yielding a language comprehension quotient (LCQ). 22 Verbal memory. We assessed verbal memory (immediate recall, delayed recall, and recognition) using a shortened Dutch version of the Rey Auditory Verbal Learning Test (AVLT). We used an eight-word list instead of the 15-word list of the unabridged standardized version 23 -that is, the AVLT eight-word list (AVLT-8 WT). This shortened version was chosen because of the children's young age.
Behavioural and emotional problems. We used the Child Behavior Checklist for Ages 1½-5 (CBCL 1½-5) to identify emotional and behavioural problems. 24 The CBCL 1½-5 is a parental report on 99 behaviour components that results in total, internalizing (withdrawn, anxious/depressed, and somatic behaviour), and externalizing scales (attention deficits, sleeping problems, and aggressive behaviour).
Statistical analyses
Analyses were performed using the statistical software package SPSS for Windows, version 20.0 (SPSS, Chicago, IL, USA). We used linear regression analyses to investigate the association between the dependent variables (MABC total, manual dexterity, ball skills, balance skills, TIQ, VIQ, PIQ, CBCL 1½-5 total, internalizing and externalizing scales, LCQ, AVLT-8 WT total learning, AVLT-8 WT recall, AVLT-8 WT recognition, SNEL) and the independent variables representing the nature and course of sucking behaviour (the PMA at which the infants acquired a normal sucking pattern, the percentage of abnormal sucking patterns between 37 weeks and 40 weeks PMA, the percentage of abnormal sucking patterns between 42 weeks and 50 weeks PMA, and the percentage of definitely abnormal sucking patterns). Where appropriate, we used Spearman's q correlation coefficients with a Bonferroni correction for multiple testing. In the linear regression analyses we calculated B, the unstandardized correlation coefficient for normally distributed data, including a 95% confidence interval, and b coefficients, the estimates for normally distributed data that have been standardized so that the variances of the dependent and independent variables are 1. Therefore, b coefficients refer to how many standard deviations a dependent variable will change, per standard deviation increase in the independent variable. We adjusted the regression analyses for sex and gestational age. For the sake of clarity only the adjusted b coefficients are shown. Normally distributed data included centiles for total motor outcome (MABC total), T scores for behavioural outcomes (the CBCL 1½-5 total, internalizing, and externalizing scales), quotients for cognitive outcomes (TIQ, VIQ, PIQ), and for language comprehension (LCQ). Statistical significance for the linear regression analyses was set at <0.05. For non-normally distributed test results we calculated Spearman's correlation coefficients. These included the raw scores of the three subtests of the MABC (manual dexterity, ball skills, balance skills), verbal memory (AVLT-8 WT total learning, AVLT-8 WT recall, AVLT-8 WT recognition), and for the SNEL. We adjusted the statistical significance of the Spearman's coefficients by using the Bonferroni correction for multiple testing: that is, 42 comparisons resulting in the level of significance at <0.001. Test scores were based on uncorrected age, as we adjusted our analyses for gestational age. Variables were recoded so that Spearman's coefficients between sucking behaviour and neuropsychological test scores were positive in case better sucking was associated with better scores on developmental tests, and negative if better sucking was associated with poorer scores.
RESULTS
Participants
Characteristics of the study group Thirty-four infants participated in our study. The mean age of the infants was 5 years 8 months (range 5y 6mo-5y 11mo). Participant characteristics of the original study group (n=65), the current study group (n=34) and the excluded participants (n=31) are summarized in Table SI (online supporting information).
Sucking behaviour
The median age at which a normal sucking pattern was acquired, the number of infants with normal sucking at 40 weeks and 50 weeks PMA, and the percentage of recordings with abnormal sucking patterns per child are presented in Table I . Three infants (9%) did not have abnormal sucking patterns between 37 weeks and 40 weeks PMA, as opposed to 22 infants (65%) who did have abnormal sucking patterns at each assessment before 40 weeks PMA. The median percentage of abnormal sucking patterns in this period was 100%. Six infants (19%) had abnormal sucking patterns at each assessment between 42 weeks and 50 weeks PMA; three infants (9%) had no abnormal sucking patterns during this period. The median percentage of abnormal sucking patterns between 42 weeks and 50 weeks PMA was 55%. Finally, one infant (3%) had a definitely abnormal sucking pattern at every assessment between 37 weeks and 50 weeks PMA. The median percentage of definitely abnormal sucking patterns was 11%.
Developmental outcomes at 5 years
In Table SII (online supporting information) we present the results of the neuropsychological test scores and the distribution of children with age-typical and abnormal test results. Most children had age-typical scores on all four developmental domains: that is, motor, behavioural, cognitive, and language. Within the motor domain, the abnormal scores were found mostly on manual dexterity (21%). Abnormal outcomes were virtually absent in the cognitive and language domains. For behaviour problems, both internalizing and externalizing components occurred in 9% of the children.
Sucking patterns and developmental outcomes at 5 years Motor outcomes
Acquiring a normal sucking pattern at 50 weeks PMA was associated with better total motor skills (Table IIa) and balance (Table IIb) . Correlations between other aspects of sucking behaviour and balance lost significance after correction for multiple testing (Table IIb) .
Behavioural outcomes
The nature and course of sucking behaviour in the period between 37 weeks and 50 weeks PMA were not associated with behavioural outcomes (Table IIa) .
Cognitive outcomes
The age at which a normal sucking pattern was acquired and the percentage of abnormal sucking patterns between 42 weeks and 50 weeks PMA were associated with TIQ, VIQ, and PIQ (Table IIa) . Whether normal sucking was acquired at 40 weeks PMA was also associated with TIQ and PIQ. The percentage of definitely abnormal sucking patterns was not associated with intelligence. The nature and course of sucking behaviour were not associated with verbal memory (Table IIb) .
Language outcomes
The percentage of abnormal sucking behaviour between 42 weeks and 50 weeks PMA was associated with LCQ (Table IIa) . The nature and course of sucking behaviour were not associated with the scores on the SNEL (Table IIb) .
DISCUSSION
This study showed that the percentage of abnormal sucking patterns per child between 42 weeks and 50 weeks PMA was associated with intelligence and language comprehension at 5 years. Moreover, the age at which a normal sucking pattern was acquired was associated with better motor outcome and intelligence. Sucking behaviour was not associated with behavioural outcomes and verbal memory. Persistent abnormal sucking behaviour between 42 weeks and 50 weeks PMA was associated with developmental outcomes at primary school age. These results are in line with our previous study. There, we found an association between persistent abnormal sucking patterns at 44 to 46 weeks PMA and neurodevelopmental outcome at 2 years, regarding the mental developmental index and the psychomotor developmental index of the Bayley Scales of Infant Development, Second Edition, and a neurological examination according to Touwen's method.
14 Rather than representing a maturational process, we suggest that possibly these persistent sucking difficulties are an early sign of brain dysfunction that may indicate an increased risk of developmental difficulties, not only preschool, but at school age as well.
Preterm birth may interfere with normal brain development, resulting in white matter abnormalities. 5, 25, 26 Such abnormalities have been shown to be associated with executive and motor function, 25 IQ, 26 and language skills. 27 Thus, myelination is disrupted by prematurity, and white matter disorganization is associated with mental, motor, and language difficulties. 5, [25] [26] [27] Although we have no reliable neuroimaging data for our study group, we hypothesize that persistent abnormal sucking behaviour is an early sign of such white matter disorganization. In line with the association between disorganized white matter and motor, cognitive, and language problems, we found an association between sucking behaviour and motor development, intelligence, and language skills.
We did not find an association between sucking behaviour and memory at 5 years. In a study in which infants born very preterm and at full term had MRI at termequivalent age, little evidence was found for an association between white matter disorganization and memory assessed at 7 years corrected age. 25 This might also explain the absence of an association between sucking behaviour and memory.
Finally, we did not find an association between sucking behaviour and behavioural/emotional problems at primary Two out of three consecutive episodes had to be diagnosed as 'normal sucking pattern' for the infant to be considered as having acquired a normal sucking pattern. Infants who had not acquired a normal sucking pattern at 50wks PMA were included in the analyses as acquiring a normal sucking pattern at 52wks PMA. b The percentage of the recordings per infant with abnormal sucking patterns (only the item arrhythmic was scored, or arrhythmic in combination with other abnormal items, or a dysfunctional pattern) in the period between 37wks and 40wks PMA. The percentage of the recordings per infant with definitely abnormal sucking pattern (arrhythmic in combination with other abnormal items, or a dysfunctional pattern) in the period between 37wks and 50wks PMA. Two out of three consecutive episodes had to be diagnosed as 'normal sucking pattern' for the infant to be considered as having acquired a normal sucking pattern. Infants who had not acquired a normal sucking pattern at 50wks PMA were included in the analyses as acquiring a normal sucking pattern at 52wks PMA. school age. Children born preterm are known to be at risk of behavioural problems with factors such as IQ, birthweight, hospitalization, maternal age, and maternal emotional well-being contributing to such problems. 3, 28 Considering the mixed influence of these multiple factors, both within and outside the child, a predominantly neurological basis of these behaviour problems is not likely. This may explain the absence of an association between sucking and behavioural and emotional problems during follow-up. Another finding of this study was that the nature and course of sucking behaviour between 37 weeks and 40 weeks PMA were not associated with any developmental outcomes at primary school age. This is in line with the findings of our previous study at 2 years mentioned earlier.
14 Almost all infants in the current study showed predominantly abnormal sucking patterns in the period between 37 weeks and 40 weeks PMA. Abnormal sucking behaviour in this period can therefore be considered as part of the maturation process. Persistent abnormal sucking patterns in the period between 42 weeks and 50 weeks PMA increase the risk of abnormal developmental outcomes at primary school age. This justifies a closer followup and coaching by a feeding specialist to alter the course of sucking problems.
To our surprise, our study group did not demonstrate a large degree of cognitive and language difficulties at 5 years. This was especially surprising, considering the relatively large number of infants with bronchopulmonary dysplasia and infants who were born small for gestational age. We considered several potential explanations for this finding, but these are highly speculative. For example, parents of children with relatively few developmental problems may have been more willing to participate in follow-up, leading to a selection bias. The NOMAS is a user-friendly and non-invasive assessment tool. To improve the moderate to fair interindividual and intraindividual reliability, we used four certified assessors and conducted a consensus procedure. 7, 8, 16 We emphasize the need to replicate this study with a larger group consisting of relatively fewer children with bronchopulmonary dysplasia or who are small for gestational age. The results on verbal memory outcome should be interpreted with caution because of the unstandardized test we used to assess it. A suggestion for future research is to investigate the association between neuroimaging data and sucking behaviour, to gain more insight into the neurological component of sucking behaviour. The relatively high drop-out rate should also be considered as a limitation to our study, although no differences were found between the included and excluded participants in their characteristics.
The strengths of this study lie in the repeated and detailed assessments of sucking behaviour. The longitudinal approach confirmed our previous finding that sucking behaviour before 40 weeks PMA was not associated with developmental outcomes, while sucking behaviour between 42 weeks and 50 weeks PMA was.
The NOMAS is a user-friendly and non-invasive tool for assessing the nature and course of sucking behaviour, while taking into account the moderate to fair interindividual and intraindividual reliability. 14 The implication of this study is that persistent abnormal sucking behaviour may help identify children born preterm who are at risk of abnormal neurodevelopmental outcomes. Persistent abnormal sucking behaviour could be an early sign of brain dysfunction, which results in impaired motor skills and poorer VIQ, PIQ and language comprehension problems at 5 years.
